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Abstract – Introduction. In the water-saving and income-generating agroforestry cropping systems developed and
promoted by the ICRISAT in the Sudano-Sahelian zone of West Africa, particularly in Niger, fruits of domesticated
Ziziphusmauritiana (“apples of the Sahel”) are severely damaged by fruit flies (Carpomya incompleta), and chemical
pesticide application poses economic, environmental and human health problems. In the Bio-reclamation of Degraded
Lands (BDL) system, apple of the Sahel is the main high-value crop, while in the Dryland Eco-Farm (DEF), it is grown
alongside watermelon. Sclerocarya birrea (marula plum) is presently being investigated as a dryland tree species for
fruit and oil production, either in orchards or such systems as BDL. Materials andmethods. To complete preliminary
results of earlier studies published elsewhere, we collected and incubated in 2010 ripe fruits of marula plum and water-
melon in Sadoré, Niger, where the above-mentioned agroforestry systems are developed, and we recorded emerging
fruit flies. We also conducted a spot-spraying experiment (using GF-120) in an apple of the Sahel orchard in Niamey
in 2010; we recorded undamaged and damaged fruits and incubated the latter. In the same orchard, we set up in 2011
a fruit fly trapping survey targeting the invasive species Bactrocera invadens (Chempac® traps using methyl eugenol
as the attractant). Results and discussion. The results showed that only Ceratitis cosyra emerged from marula plums,
and only Dacus spp. from watermelon. The GF-120 spot-spraying experiment showed that C. incompleta was not
attracted / intoxicated, contrary to Ceratitis spp. and Dacus spp.; the sprayed trees yielded significantly more mar-
ketable fruits than unsprayed ones; only C. incompleta emerged from damaged fruit. Detection trapping revealed for
the first time the presence of B. invadens in the Sahelian zone of Niger, including at the time of apple of the Sahel
fruit production. Conclusion. This, alongside results of earlier studies, suggests a repellent effect of GF-120 on the
monophagous C. incompleta species (Trypetinae), while it is attractive to oligophagous/polyphagous Dacinae fruit
flies; some of them (e.g., Dacus spp.) damage watermelon, which is part of the DEF system, and produce fruit at the
same time as the jujube tree. The prospects for harnessing these two opposite regulation pathways are discussed.
Niger / Ziziphus mauritiana / Citrullus lanatus / pest control / Carpomya
incompleta / Bactrocera invadens / Ceratitis / Dacus / control methods /
integrated control / attractants / repellents
Impacts du GF-120 sur des mouches des fruits (Diptera : Tephritidae) en
systèmes agroforestiers sahéliens à base de cultures horticoles.
Résumé – Introduction. Dans les systèmes de culture agroforestiers économes en eau et générateurs de revenus
promus par l’ICRISAT dans la zone soudano-sahélienne d’Afrique de l’Ouest, en particulier au Niger, les fruits du juju-
bier domestiqué Ziziphus mauritiana (« pommes du Sahel ») sont sévèrement attaqués par des mouches des fruits
(Carpomya incompleta) ; l’application de pesticides de synthèse pose des problèmes de rentabilité économique,
d’ordre environnemental et de santé publique. Dans le système de Bio-récupération des terres dégradées (BDL), la
pomme du Sahel est la principale culture à forte valeur, tandis que dans l’Eco-ferme sahélienne (DEF), elle est cultivée
avec la pastèque. Par ailleurs, dans la zone semi-aride, le prunier africain Sclerocarya birrea est en cours d’évaluation
en vergers ou dans des systèmes comme le BDL pour sa production en fruits et en huile. Matériel et méthodes. En
complément d’études antérieures publiées par ailleurs, nous avons collecté et mis en incubation en 2010 des prunes
africaines et des pastèques à Sadoré (Niger) où les systèmes agroforestiers sus-mentionnés sont développés ; les
mouches des fruits qui en ont émergé ont été observées. En 2010, nous avons aussi conduit un essai de traitement
insecticide par taches avec du GF-120 dans un verger de jujubiers à Niamey ; nous avons comptabilisé les fruits
indemnes et ceux qui étaient attaqués ; les fruits attaqués ont été mis en incubation. Dans le même verger, nous avons
mis en place en 2011 un essai de piégeage des mouches des fruits visant l’espèce invasive Bactrocera invadens (pièges
Chempac® contenant du méthyl-eugénol comme attractif). Résultats et discussion. Les résultats ont montré que
seule l’espèce Ceratitis cosyra émergeait des prunes africaines, et que seules des espèces de Dacus spp. émergeaient
des pastèques. L’essai de traitement en taches au GF-120 a montré que la mouche C. incompleta n’était pas attirée /
intoxiquée, contrairement à Ceratitis spp. et Dacus spp. ; que les arbres traités avaient un rendement en fruits com-
mercialisables significativement plus élevé que celui des arbres non traités ; que seule l’espèce C. incompleta
émergeait des fruits attaqués. Le piégeage de détection a révélé pour la première fois la présence de B. invadens dans
la zone sahélienne du Niger, y compris en période de production de pommes du Sahel. Conclusion. Nos résultats,
ajoutés à ceux d’études antérieures, suggèrent que le GF-120 a un effet répulsif sur l’espèce monophage C. incompleta
(Trypetinae), mais attractif sur les mouches oligophages/polyphages Dacinae ; certaines d’entre elles, dont Dacus
spp., s’attaquent à la pastèque qui fait partie du système de culture DEF et fructifie à la même période que le jujubier.
Les perspectives d’exploitation de ces deux voies de régulation opposées sont discutées.
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Figure 1.
Marula plum tree (Sclerocarya
birrea) in Sadoré (Niger).
Figure 2.
Fruit fly-damaged marula fruits
in Sadoré (Niger).1. Introduction
The Sudano-Sahelian zone of West Africa is
characterized by recurrent dry spells, land
degradation and low staple crop yields,
resulting in increased poverty. In this zone,
the International Crops Research Institute
for the Semi-Arid Tropics (ICRISAT) and its
partners are promoting water-saving and
income-generating systems mixing food
crops and vegetables with fruit trees, partic-
ularly in the water harvesting-based Bio-
reclamation of Degraded Lands (BDL) and
Dryland Eco-Farm (DEF) systems [1, 2].
In these systems, several perennial crops
may assume key roles as high-value crops,
both for nutritional and economic value.
This is notably the case of domesticated
Ziziphus mauritiana Lam. (Rhamnaceae),
the Indian jujube locally called “Sahel
apple”, which is the most popular perennial
high-value crop in both BDL and DEF sys-
tems. Marula plum (Sclerocarya birrea [A.
Rich.] Hoscht.) is under investigation as a
potential candidate fruit tree for dryland
plantations or BDL, while in the Dryland
Eco-Farm (DEF), grafted jujube trees grow
alongside watermelon Citrullus lanatus
(Thumb) Matsun and Nakai [3].
Sahel apple fruit is a soft, juicy drupe of
2 cm diameter, though with improved cul-
tivars the fruit size could be 6.2-cm long and
4.5-cm wide. This species is also studied in
the station of Katchari (north of Burkina
Faso) using different improved cultivars [4].
Ziziphus mauritiana fruit suffer high
infestation by the fruit fly Carpomya incom-
pleta Becker, 1903, making pest control
mandatory and therefore production risky,
both economically and environmentally, if
chemical insecticides are sprayed.
Studies conducted in 2009 in a Sahel
apple orchard in Sadoré, the ICRISAT
research station in Niger, using the spot
treatment technique [5], suggested a repel-
lent effect of the spinosad bait spray GF-120
(Success Appat® Dow AgroSciences) on
C. incompleta [6], resulting in the protection
of sprayed jujube trees. To further document
the potential for managing the Sahel apple
fruit fly in an environmentally-friendly man-
ner, based on the “push-pull” (stimulo-
deterrent diversionary) principles [7], we
report here complementary observations
that were made on marula plum and water-
melon in Sadoré in 2010, and further
experiments conducted in a jujube orchard
at the Abdou Moumouni University of
Niamey in 2010 and 2011.
2. Materials and methods
2.1. Fruit fly observations on marula
plum and watermelon
In June 2010, observations were made on
ripe and fallen fruits of marula plum in
Sadoré (figures 1, 2), and, in October 2010,
on ripening watermelons at the time of the
Sahel apple fruiting in the DEF system
(figure 3). Damaged fruits were incubated
in the laboratory in containers whose
bottoms were filled with sand, and fruit fly
adults were identified after emergence.Fruits, vol. 67 (5)
GF-120 effects on fruit fly species in Sahelian cropping systems2.2. Jujube tree spot-spraying
experiment
In September 2010, six trees of Z. maurita-
nia cv. Umran were selected at random in
a Sahel apple orchard at the Faculty of
Agronomy, University of Niamey (13°30’N,
2°09’E); four trees were sprayed with a GF-
120 solution once a week for 3 weeks and
two trees remained unsprayed. Inter-tree
spacing was 6 m × 7 m.
The bait spray was applied with a HD400
(Micron® sprayers LTDA, Bromyard, UK)
manual sprayer using a conventional coni-
cal nozzle calibrated to deliver droplets of
2–6 mm from a spray mixture of 1.0 L of
water and 0.1 L of GF-120. In this orchard,
no other chemical treatment of any kindwas
applied before or during the experiment.
The dosage of 0.1 L of GF-120 per four trees,
namely per 168 m², would thus correspond
to the recommended dosage of 1.5 L·ha–1,
if one tree out of four was sprayed.
White linen sheets were placed under the
trees after spraying and fallen flies following
the treatments were observed and collected.
Observations took place over a period of 6 h
following the treatment.
Ripe fruits were then harvested every
week for 3 weeks from mid-November to
early December and harvested fruits were
weighed; a distinction was made between
marketable and unmarketable ones, the lat-
ter being basically those showing fruit fly
damage (figure 4). Marketable fruit weight
data were analyzed using the parametric test
module (Student t test) of XLSTAT1.
Damaged fruits were incubated in the
laboratory in containers whose bottoms
were filled with sand, and fruit fly adults
were identified after emergence, based on
taxonomic keys [8].
2.3. Bactrocera invadens detection
trapping
In addition to these previous experiments,
we monitored Bactrocera invadens Drew
Tsuruta & White male fly populations for
4 months in 2011, in the University of
Niamey jujube orchard, using parapherom-
one (methyl eugenol) lure-baited
Chempac® Bucket traps [9, 10]. Two traps
were placed at about 1.5 m above ground
in the shade of two Z. mauritiana trees
(cv. Umran and a local wild cultivar) 160 m
apart. Traps were set up at the end of the
second week of each month from July 2011
to October 2011, and inspected one week
later, then removed and set up again (with
fresh lures) the second week of the follow-
ing month. All trapped B. invadens male
flies were recorded.
3. Results
Tephritid fruit flies attracted by GF-120 as
spot sprays in the jujube orchard in Niamey
belonged to the Ceratitis and Dacus genera.
Ceratitis silvestrii Bezzi was the dominant
Ceratitis species, butC. cosyra (Walker)was
also present. Dacus species included both
D. ciliatus Loew and D. vertebratus Bezzi.
1 XLSTAT version 2009.6.02, Addinsoft (Ed.),
2009, http://www.xlstat.com.
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fly species to be incubated from damaged
jujube fruits (table I). On the other hand,
several adult Dacus fruit flies (mainly
D. vertebratus) emerged from the water-
melons collected in October 2010 in Sadoré,
while, at this same location, Ceratitis cosyra
was found to heavily infest marula plum
fruits (table I), with infestation of up to
(18.2 ± 5.28) larvae per fruit in June 2010.
The results on marketable Sahel apple
fruit weights recorded in Niamey in 2010
on GF-120-sprayed trees compared with
unsprayed controls showed a significant
positive effect of GF-120 spraying on
the production of marketable fruits
[(2.0 ± 0.7) kg vs. 0.0 kg].
The results from parapheromone trap-
ping at the University of Niamey in 2011
showed high populations of B. invadens,
particularly in July and August before the
watermelon and jujube fruiting period, but
it appears that the pest is still present in Sep-
tember and October, at the time of fruit pro-
duction (figure 5).
4. Discussion
It was thus found that the repellent effect
of GF-120 on C. incompleta, reported in
Sadoré in 2009 [6], was probably at play in
2010 in Niamey, as suggested by the
observation on marketable fruit production
on GF-120-sprayed trees compared with
unsprayed ones.
Actually, Carpomya incompleta, which is
specific (monophagous) to Ziziphus spp.,
seems to be strongly repelled by GF-120
spraying, whileCeratitis spp.,which is more
polyphagous, is attracted and killed by the
same at the same dosage (alongside,
although to a lesser extent, the oligopha-
gous Dacus spp. known as pests of cucurbit
crops).
In another test in Sadoré, GF-120 as a spot
treatment on Sodom’s apple shrub [Calotro-
pis procera (Ait.) Ait. F., Asclepiadiaceae] did
not attract the fruit fly specific to this plant,
Dacus longistylus Wiedemann, 1830,
although present in large numbers in the
environment (namely, on the sprayed plants
as well as on neighboring Calotropis shrubs)
(unpubl. data).
Actually, in the absence of GF-120 spray-
ing, fruit flies of several species were
observed resting on flowering jujube trees
during fruit collections in Sadoré and Niamey (Niger) in 2010.
ampled Observation date Carpomya sp. Ceratitis spp. Dacus spp. Bactrocera spp.
la plum June 0 + 0 0
rmelon October 0 0 + 0
jube November + 0 0 0Figure 5.
Bactrocera invadens monthly
catches in a jujube orchard
(Niamey, Niger, 2011).
Table I.
Fruit fly species emerged
Sampling location Fruit s
Sadoré Maru
Wate
Niamey Ju
0: not recorded; + : emerged.Fruits, vol. 67 (5)
GF-120 effects on fruit fly species in Sahelian cropping systemsboth in Sadoré and Niamey (figure 6), so it
is not known whether Ceratitis spp. and
other Dacini species intoxicated in 2009 had
been attracted over a large distance or not.
On the other hand, other results showed
that, when sprayed on border crops, GF-120
was an attractant to cucurbit Dacini fruit
flies in Hawaii [11] and Benin [12] with, in
the latter location, a significant effect on
Dacus spp. (particularly D. vertebratus)
infesting watermelon. In our studies, Car-
pomya incompletawas the only fruit fly spe-
cies to be incubated from damaged fruits in
both Sadoré and the University of Niamey,
confirming earlier observations [13].
Our results thus suggest that GF-120
could be used as a repellent to protect jujube
trees from the fruit fly C. incompleta. Water-
melon being part of the DEF system [2, 3],
and Dacus fruit flies emerging from cucur-
bits, including watermelons, being attracted
to and intoxicated by GF-120, one could kill
two birds (or fly species) with one stone (or
spray) in this system, using two opposite
pathways, since both Sahel apple andwater-
melon flower and fruit at the same time. The
same applies to Bactrocera cucurbitae
(Coquillett), well established in Niger,
which was recorded on watermelon in Côte
d’Ivoire, Guinea, Mali and Senegal [14]. In
an earlier experiment, this species was
found to be attracted by GF-120 sprayed on
jujube trees [6]. However, this still needs to
be tested experimentally, in actual DEF sys-
tems, with lower dosages on the one hand,
and with untreated systems as adequate
controls on the other hand, with several rep-
lications, and damagemeasurement on both
jujube and watermelon.
In case its effectiveness is confirmed,
such a system might become even more rel-
evant with the threat to the Sahel apple by
the invasive speciesB. invadens since Tank-
ouano et al. found that this species was
involved in damage to Sahel apples in
Burkina Faso [15], and that, in Benin,
B. invadens emerged from drupes of
Z. mauritiana collected near the border
with Burkina Faso, with 70 adults per kg of
fruits [16]. In Niger, fruit fly species associ-
ated with jujube fruits should thus be further
investigated; indeed, an already high prev-
alence of B. invadens in Niamey, including
during the Ziziphus flowering period, was
evidenced by our methyl eugenol trapping,
the year that followed the spot-spraying
experiment. Based on results obtained on
this species on mango [5], the spot-spraying
technique is likely to work on the Sahel
apple as well, and on watermelon since this
crop was reported as a host for B. invadens
from Benin [16], although at low levels,
while the infestation rate was higher in Tan-
zania [17].
However, our proposed “win-win” strat-
egy (figure 7), if confirmed, can only be
applied to fruit or vegetable species flower-
ing at the same time as the Sahel apple,
namely not, for instance, to the highly fruit
fly-susceptible marula plum.
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Impactos del GF-120 en moscas de la fruta (Diptera: Tephritidae) en
sistemas agroforestales sahelianos a base de cultivos hortícolas.
Resumen – Introducción. En los sistemas de cultivo agroforestales ahorradores de agua y
generadores de ingresos promovidos por el ICRISAT (Instituto Internacional de Investigación
de Cultivos para las Zonas Tropicales Semiáridas) en la zona sudanosaheliana de África Occi-
dental, en particular en Níger, los frutos del azufaifo cultivado Ziziphus mauritiana («manzana
del Sáhel») están muy atacados por las moscas de la fruta (Carpomya incompleta). La aplicación
de plaguicidas sintéticos plantea problemas de rentabilidad económica, de orden medioam-
biental y de salud pública. En el sistema de biorrecuperación de tierras degradadas (BDL, en
sus siglas originales), la manzana del Sáhel es el cultivo principal con un valor fuerte, mientras
que en la Eco-granja saheliana (DEF, en sus siglas originales), se cultiva junto a la sandía. Por
otro lado, en zona semiárida, se encuentra el ciruelo africano Sclerocarya birrea en curso de
evaluación, en vergeles o en sistemas como el BDL para su producción de frutos y de aceites.
Material y métodos. Como complemento de anteriores estudios publicados aparte, cosecha-
mos y pusimos en incubación ciruelas africanas y sandías, en 2010, en Sadoré (Níger), donde
los sistemas agroforestales mencionados arriba están desarrollados. Las moscas de la fruta emer-
gidas allí fueron observadas. En 2010, llevamos igualmente a cabo un ensayo de tratamiento
insecticida por manchas de GF-120 en un vergel de azufaifos en Niamey; contabilizamos los fru-
tos indemnes y aquéllos que habían sido atacados. Los frutos atacados se pusieron en incuba-
ción. En el mismo vergel, en 2011, ejecutamos un ensayo de trampeo de las moscas de la fruta,
cuyo blanco era la especie invasora Bactrocera invadens (trampas Chempac® conteniendo el
atrayente metil eugenol). Resultados y discusión. Los resultados mostraron que únicamente
la especie Ceratitis cosyra emergía de las ciruelas africanas, y que únicamente las especies de
Dacus spp. emergían de las sandías. En el ensayo de tratamiento por manchas de GF-120 se
demostró que la mosca C. incompleta no estaba atraída/intoxicada, contrariamente a Ceratitis
spp. y a Dacus spp.; que los árboles tratados poseían un rendimiento de frutas comerciables
mucho más alto que los árboles no tratados; que únicamente la especie C. incompleta emergía
de los frutos atacados. Por primera vez, el trampeo de detección mostró la presencia de B. inva-
dens en la zona saheliana de Níger, incluso en periodo de producción de manzanas de Sáhel.
Conclusión. Nuestros resultados, añadidos a aquéllos recogidos en los estudios anteriores,
sugieren que el GF-120 tiene un efecto repulsivo en la especie monófaga C. incompleta (Trype-
tinae), pero atrayente en las moscas oligófagas/polífagas Dacinae; algunas de ellas, entre las
cuales Dacus spp., atacan la sandía, que forma parte del sistema de cultivo DEF y fructifica
durante el mismo periodo que el azufaifo. Las perspectivas de explotación de ambas vías de
regulación opuestas son debatidas.
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